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This paper describes the dominant bacterial species metabolically active through the
industrial production of Spanish-style Manzanilla and Gordal olives. For this purpose,
samples (brines and fruits) obtained at 0, 15, and 90 fermentation days were analyzed
by a culture-independent approach to determine viable cells by reverse transcription
of RNA and further PCR-DGGE analysis, detecting at least 7 different species. Vibrio
vulnificus, Lactobacillus plantarum group, and Lactobacillus parafarraginis were present
in samples from both cultivars; Lactobacillus sanfranciscensis and Halolactobacillus
halophilus were detected only in Gordal samples, while Staphylococcus sp. was
exclusively found at the onset of Manzanilla fermentations. Physicochemical data
showed a typical fermentation profile while scanning electron microscopy confirmed
the in situ biofilm formation on the olive epidermis. Different Bacillus, Staphylococcus,
and Enterococcus species, not detected during the fermentation process, were also
found in the solid marine salt used by the industry for preparation of brines. Elucidation
of these non-lactic acid bacteria species role during fermentation is then an appealingly
challenge, particularly regarding safety issues.
Keywords: bacterial biodiversity, biofilms, Lactobacillus, marine salt, RT-PCR-DGGE, table olives
INTRODUCTION
The Spanish-style green olive fermentation is probably the most appreciated and popular
elaboration of table olives, with approximately 60% of the worldwide table olive production. Its
processing is characterized by the use of a sodium hydroxide solution (20–25 g/l) for debittering
of fruits. Then, olives are washed for 6–16 h to remove the excess of alkali and brined (110–
120 g salt/L). After that fruit usually undergo spontaneous fermentation (Garrido Fernández et al.,
1997). The coexistence of diverse fungal (mainly yeasts) and bacterial [lactic acid bacteria (LAB),
Enterobacteriaceae and Propionobacteriaceae] species during fermentation has been abundantly
reported. The importance of these microbial groups on the quality, safety and organoleptic profile
of the final products is also well known (Garrido Fernández et al., 1997; Arroyo-López et al., 2012a;
Hurtado et al., 2012).
The molecular study of the microbial biodiversity present during table olive processing
can be performed either by culture-dependent or by culture-independent methods
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(Botta and Cocolin, 2012). The molecular approach based on
the cultivation of microorganisms and further isolation of DNA
or RNA obtained from the cells do not offer a complete profile
of the microbial diversity present in the ecosystem (Hugenholtz
et al., 1998; Botta and Cocolin, 2012; Cocolin et al., 2013a). It is
estimated that above 90% of the microorganisms from natural
environments and approximately 25–50% of those present
in fermented foods cannot be cultivated, using conventional
microbiological techniques (Amann and Kühl, 1998; Ampe et al.,
1999; Cocolin et al., 2013a). In food microbiology, molecular
culture-dependent techniques are being extensively used either
for identification (RFLP ITS-5.8S rRNA gene, sequencing 16S
and 26S rRNA genes, multiplex PCR assay of the recA gene) or
typing (RAPD-PCR, rep-PCR, PFGE) of microorganisms (Botta
and Cocolin, 2012).
On the contrary, PCR-DGGE (Denaturing Gradient Gel
Electrophoresis) is a very useful culture-independent method
where the genetic material is directly obtained from food samples
without cultivation of the microorganisms. In table olives, the
use of PCR-DGGE analysis has been used mainly to study
the microbial diversity present in brines (Abriouel et al., 2011;
Muccilli et al., 2011; Randazzo et al., 2012; Cocolin et al.,
2013b; Tofalo et al., 2014; Lucena-Padrós et al., 2015). However,
PCR-DGGE does not discern between viable and non-viable
microorganisms since DNA can also proceed from dead cells
(Keer and Birch, 2003; Cenciarini-Borde et al., 2009). On the
contrary, reverse transcription (RT) of RNA to cDNA provides an
estimation exclusively of viable microorganisms with metabolic
activity (Santarelli et al., 2008). Few authors have used techniques
involving the use of RNA in the study of table olives microbiota
(Cocolin et al., 2013b; De Angelis et al., 2015). Bearing in mind
that olives are finally ingested by consumers, the analysis of
the microbiota adhered to fruits forming biofilms is also critical
(Nychas et al., 2002; Arroyo-López et al., 2012b; Domínguez-
Manzano et al., 2012; Grounta and Panagou, 2014; Benítez-
Cabello et al., 2015) albeit, in this case, the studies are still
scarce. Only recently, Cocolin et al. (2013b) and De Angelis et al.
(2015) have used a metagenomics-based independent-culture
approach for the study of the bacterial biodiversity adhered to
olive surfaces.
This survey aims to study the bacterial biodiversity present
in industrial Spanish-style green table olive fermentations, using
RT-PCR-DGGE analysis for the identification of the predominant
species metabolically active during fermentation of Gordal and
Manzanilla olives. Also, the paper analyses, for the first time, the
viable bacterial species present in the solid marine salt, obtained
from the saltworks of the Atlantic coast of Cádiz (Spain), used by
the industry to prepare the fermentation brines.
MATERIALS AND METHODS
Industrial Process and Sample Collection
The fruits (Manzanilla and Gordal varieties) were debittered with
a NaOH solution (3.2 and 2.5%, respectively, according to the
specific characteristics of olive varieties) and washed for 6 h to
remove excess of alkali. Then, the olives were transferred into the
industrial fermentation vessels (9.700 kg of fruits and 5.900 L,
brine, making a total volume of, approximately, 16,000 L) and
brined (11%, wt/vol, sea salt solution) following by a spontaneous
fermentation. Brine (50 mL) or olive (25 g) samples were
obtained from duplicated fermentation vessels at 0, 3, 6, 10, 15,
20, 30, 64, and 90 days of processing, during 2013/2014 season.
Samples were labeled as G35 and G36 (for Gordal) and M1371
and M1372 (for Manzanilla), and transported in refrigerated
conditions to the laboratory for their processing in the same day.
Monitoring of the Fermentations
Physicochemical control of the fermentation brines was achieved
through periodical determination of pH, NaCl concentration
(%, wt/vol), titratable (expressed as lactic acid, g/100 mL) and
combined acidities (expressed as undissociated organic salts,
Eq/L), according to the methods described by Garrido Fernández
et al. (1997).
The microbial populations adhered to fruits were studied
by washing olives twice in phosphate buffer solution (PBS),
to remove non-adhered cells, pitting and weighting the olives
and immediately transferring (∼10 g) into a stomacher bag
containing 75 mL of a sterile saline solution (0.9%, NaCl).
Then, the fruits were homogenized for 1 min at 300 rpm in a
stomacher model Seward 400 (Seward Medical, Ltd., West Sussex,
England). Suspensions of the samples or appropriated dilutions
were then plated onto solid culture media using a Spiral System
(model dwScientific, Don Whitley Scientific Limited, England).
Enterobacteriaceae were counted on Crystal Violet Neutral-
Red Bile Glucose (VRBD) agar (Merck, Darmstadt, Germany),
LAB were spread onto de Man Rogosa and Sharpe (MRS)
agar (Oxoid, Basingstoke, Hampshire, England) supplemented
with 0.02% (wt/vol) sodium azide (Sigma, St. Luis, MI, USA),
and yeasts were grown on yeast-malt-peptone-glucose medium
(YM) agar (Difco, Becton and Dickinson Company, Sparks,
MD, USA) supplemented with oxytetracycline and gentamicin
sulfate (0.005%, wt/vol) as selective agents. The plates were
incubated at 30◦C for 48–72 h, counted using a Flash & Go
(IUL, Barcelona, Spain) image analysis system and expressed as
log10 CFU/g.
Samples obtained from fermentation brines were diluted, if
necessary, in sterile saline solution (0.9% NaCl) and plated on the
culture media described above. After incubation as described for
fruit samples, counts in brines were expressed as log10 CFU/mL.
Control of the Biofilm Formation on the
Olive Skin
At different stages of fermentation (0, 15, and 90 days), the
presence of biofilms on the epidermis of fruits was assessed by
scanning electron microscopy (SEM), as described by Kroupitski
et al. (2009) with slight modifications. First, fruits were rinsed
twice for 15 min in PBS to remove the non-adhered cells and
then fixed in 2.5% glutaraldehyde (Sigma–Aldrich, St. Louis,
MI, USA) in PBS for 2.5 h. Later, the olives were dehydrated
through a graded ethanol series (50, 70, 80, 90, 95, and 100%,
5 min in each one). Finally, fruits were treated for 20 min in 2-
methyl-2-propanol. For SEM observation, 2 mm × 2 mm slices
Frontiers in Microbiology | www.frontiersin.org 2 August 2016 | Volume 7 | Article 1291
fmicb-07-01291 August 12, 2016 Time: 15:24 # 3
Benítez-Cabello Bacterial Biodiversity in Olive Fermentation
of the skin of olives were taken, placed on glass slides, and
coated with gold in a Scancoat Six SEM sputter coater (Edwards,
Crawley, England). Pictures were taken with a JEOL JSM- 6460LV
SEM model (JEOL USA, Inc., Peabody, MA) in the Technology
and Innovation Research Center (CITIUS, University of Seville,
Spain).
RNA Extraction and Reverse
Transcription (RT)
To investigate metabolically active microorganisms growing in
both brines and the skin of olives, RT of RNA samples taken
at 0, 15, and 90 days of fermentation were performed. One mL
of brine or 1 mL of the homogenate of olives were centrifuged
(13,000 rpm, 10 min, 4◦C), 150 µL of RNA LATER (Ambion,
AH7021H) were added to the resulting pellet, and samples were
stored at –80◦C until use. Sample preparation for RNA extraction
was performed according to the protocol reported by Rantsiou
et al. (2008). Three µL of TURBO-DNase (Ambion, Milan,
Italy) was added to digest the DNA in the samples (3 h, 37◦C).
The presence of residual DNA was checked by PCR (Cocolin
et al., 2001). Finally, RT-PCR was performed using the universal
primers 338f (5′-ACTCCTACGGGAGGCAGCAGCAG-3′) and
518r (5′-ATTACCGCGGCTGCTGG-3′) (Ampe et al., 1999),
which anneal to the variable V3 region of the 16S rRNA bacterial
gene (Cocolin et al., 2013b).
DGGE and Cluster Analysis
The different amplicons obtained from RT-PCR were analyzed
by DGGE with a Dcode universal mutation detection system
(BioRad, Milan, Italy), according to the protocol described by
Dolci et al. (2008). For this purpose, a gradient from 40 to
60% of polyacrylamide (acrylamide- bis acrylamide 37:5:1, 8%
wt/vol) was used. Electrophoresis was conducted at 200 V for
5 h (with an initial step of 10 min at 80 V) at 60◦C in TAE
buffer (×1) (10 mmol/L Tris-borate, 1 mmol/L, EDTA, pH 8.0).
Gels were stained for 20 min in TAE buffer (×1) containing 1X
SYBR Green I (Sigma) and then analyzed under UV using UVI
pro platinum 1.1 Gel Software (Eppendorf, Hamburg, Germany).
Selected DGGE bands were excised from the gel with sterile
pipette tips and purified in water. One microliter of the eluted
DNA was used for the re-amplification using the primers and
the conditions described above, and the PCR products were
checked using DGGE and sent for sequencing to MWG Biotech
(Dolci et al., 2008). Partial sequences from the 16S rRNA gene
were then aligned with previous sequences deposited in GenBank
database using the Blast tool program to determine the closest
known relative species (Altschul et al., 1997). Finally, similarities
between the bacterial community profiles generated by RT-
PCR-DGGE analysis from different samples were determined
by clustering analysis. For this purpose, the banding profiles
were normalized and analyzed with the BioNumerics 6.6
software package (Applied Maths, Kortrijk, Belgium). The DICE
correlation coefficient and the UPGMA clustering algorithm
(means of the unweighted pair group method with arithmetic
averages) was used to calculate the similarities among DGGE
patterns and to obtain the dendrograms.
Study of the Solid Marine salt by
Culture-Dependent Molecular Methods
Ten grams of the commercial sea salt, used to prepare the
fermentation brines and purchased by the industry in the salt
plant of Puerto de Santa Maria (Atlantic coast of Cádiz, Spain),
were diluted into 50 mL of sterile saline water (0.9% NaCl)
and spread on plate count agar (PCA) (Oxoid, Basingstore,
Hampshire, UK) for determination of aerobic mesophilic
microorganisms. Plates were incubated at 30◦C for 24 h. Then,
a total of 8 colonies with different morphology were taken
and purified for identification purposes using universal primers
27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-
GGTTACCTTGTTACGACTT-3′) targeted for the small-subunit
16 rRNA gene of bacteria (Barrangou et al., 2002). Analyses were
carried out in duplicate.
RESULTS AND DISCUSSION
Physicochemical Control of
Fermentation
The evolution of the fermentation process of the Gordal and
Manzanilla olives was followed by recording the physicochemical
data through a total of 90 days from duplicate industrial
fermentation vessels. The proper changes in pH and salt are
essential (together with titratable acidity), to ensure the microbial
safety of the fermented olives and to control the growth of
spoilage and pathogen microorganisms during fermentation
(Perricone et al., 2010). In this experiment, after fruits’ brining,
pH increased rapidly during the first 3 days from an initial
value of 5.3 to 6.2 in the case of Gordal olives, and from 3.7
to 5.8 in the case of Manzanilla fermentations (Figure 1A).
This increase in pH during the initial stages of industrial lye-
treated olive processing is usual and due to: (i) the diffusion
into the flesh of the organic acids initially added to the cover
brine, and (ii) the leaching of residual sodium hydroxide from
the pulp into the brines (Garrido Fernández et al., 1997). From
this moment onward, the pH decreased quickly. In both cases, the
equilibrium between the olive flesh and cover brine was reached
approximately at day 30 (around 3.8 units), and it was kept
constant until the end of the fermentation process. Regarding salt
concentration (Figure 1B), it was observed a decrease during the
first 3 days from the initial 7.8 to 6.2, in the case of Manzanilla
olives, and from 6.7 to 5.9% in the case of Gordal fermentations.
As in the pH, this phenomenon is due to equilibrium processes
between the cover brines and fruits (Garrido Fernández et al.,
1997). Then, in both fermentations systems, a slight increase
through the fermentative process was noticed due to replacement
of lost liquid with new brine, obtaining a final salt concentration
around 7.5% at 90 days.
Combined acidity increased throughout the fermentation
process from the initial 0.08 to final 0.15 Eq/L in Gordal
fermentations, and from initial 0.01 to final 0.12 Eq/L in the
case of Manzanilla olives (Figure 2A). For titratable acidity,
this parameter increased from day 3 onward coinciding with
the beginning of the LAB growth (see below). The increase
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FIGURE 1 | Changes of pH (A) and salt (B) through industrial Spanish-style fermentations of Gordal and Manzanilla olives.
FIGURE 2 | Changes of combined (A) and titratable (B) acidities through industrial Spanish-style fermentations of Gordal and Manzanilla olives.
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of this parameter during the fermentation process is due to
the production of lactic acid by the activity of LAB (Garrido
Fernández et al., 1997; Hurtado et al., 2012). A higher final value
was obtained in the case of Gordal (1.4%) than Manzanilla (1.2%)
fermentations (Figure 2B).
These changes in pH and salt, together with the combined and
titratable acidities obtained, are typical of this kind of table olive
fermentations (Garrido Fernández et al., 1997). Furthermore,
the pH value far below the limit established for Spanish-
style olive (<4.3) in the Table Olive Standard (International
Olive Oil Council [IOC], 2004) and the titratable acidity value
above 1.0%, are important aspects to ensure product safety
(Garrido Fernández et al., 1997; International Olive Oil Council
[IOC], 2004). Hence, both (Gordal and Manzanilla) Spanish-
style fermentations followed an adequate fermentation process
from the physicochemical point of view. Thus, the bacterial
biodiversity found could be considered as a good representation
of this type of process.
Microbiological Control of Fermentation
By plate counts, Enterobacteriaceae were never detected during
the 90 days of fermentation, in either Gordal or Manzanilla olives
(data not shown). As mentioned above, low pH levels exert a
considerable inhibitory effect on this microbial group (Garrido
Fernández et al., 1997). Yeasts were detected at the onset of
fermentation with population levels around 4 log10 CFU/g (in
fruits) or 3 log10 CFU/ml (in brines). These microorganisms
disappeared from the epidermis of the fruits through the
fermentation process, while in brines their presence was most
relevant obtaining a maximum count of around 5 log10 CFU/mL
at 15th day of fermentation (data not shown). Then, the yeasts
declined to a population level around 2 log10 CFU/mL at the
end of the process. As reported by Arroyo-López et al. (2012b),
the presence of these microorganisms during Spanish-style green
table olive fermentations is usual. Because of the relative low yeast
population levels obtained for this microbial group during the
experiment (compared to LAB as shown below), they were not
included in further molecular analysis.
On the contrary, the growth of LAB population was
considerable in both Gordal and Manzanilla lye-treated olives. At
the onset of fermentation, the presence of these microorganisms
in either brine or fruits was practically negligible. However,
they were able to grow quickly obtaining at the 15 day of
fermentation a maximum population level of approximately 8
log10 CFU/ml (in brines) or 7.6 (Gordal) and 6.4 log10 CFU/g
(Manzanilla) in fruits (Figure 3). From this moment, there
was a slight decline in the LAB population, less marked for
Gordal fermentations (which justify the higher titratable acidity
values obtained compared to Manzanilla). At the 90th day of
fermentation, population levels from 3.7 log10 CFU/g (fruits) to
5.6 log10 CFU/mL (brine) were still noticed. Therefore, in both
cases, the fermentations were clearly dominated by LAB, which
FIGURE 3 | Changes of LAB population in brine (A) and fruit (B) through industrial Spanish-style fermentations of Gordal and Manzanilla olives. S1,
S2, and S3 stand for the sampling time for RT-DGGE analyses at 0, 15, and 90 days of fermentation, respectively.
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FIGURE 4 | Scanning electron microscopy (SEM) picture showing the
formation of a biofilm (15th day) on the surface of Manzanilla fruits
fermented according to Spanish-style.
moreover followed the normal evolution of this type of processes
(Garrido Fernández et al., 1997; Hurtado et al., 2012).
Biofilm Formation
Scanning electron microscopy pictures (Figure 4) provide a clear
evidence of the capacity of microorganisms to aggregate and
colonize the olive surface during the fermentation process. In
the figure, it is clearly distinguishable the form of the olive cells
as well as the first stages of biofilm formation (the photograph
was taken at 15th day of fermentation), the microorganisms
attached to the olive epidermis, and the production of the
exopolysaccharide’ matrix. Nychas et al. (2002) first reported
the presence of both LAB and yeast populations colonizing the
epidermis of directly brined olives. More recently, the formation
of true mixed biofilms during Spanish-style green table olive
fermentations was reported for different types of olive varieties
by Arroyo-López et al. (2012a) and Domínguez-Manzano et al.
(2012). Benítez-Cabello et al. (2015) and Grounta and Panagou
(2014) have also shown, by SEM, the formation of biofilms
on Greek black oxidized and directly brined Gordal olives,
respectively.
Analysis of the Bacterial Biodiversity
through Fermentation by RT-PCR-DGGE
Enterobacteriaceae, yeasts, and LAB are considered the most
relevant group of microorganisms with influence during table
olive processing (Garrido Fernández et al., 1997; Arroyo-López
et al., 2012a; Hurtado et al., 2012). Thereby, brines are usually
plated on selective media for these microbial groups to determine
the proper evolution of the fermentation process. However,
other microorganisms present during fermentation could be
missing because of this selective culture-dependent approach.
In fact, when olive samples are also plated on other selective
media for Pseudomonas, Clostridium, or Staphylococcus, it is
possible to detect the presence of these microorganisms in
the fermentation environment (Nychas et al., 2002; Lucena-
Padrós et al., 2014). For these reasons, in this study, a culture-
independent molecular approach (RT-PCR-DGGE) to determine
the evolution of the main bacterial species during fermentation
of Gordal and Manzanilla varieties, processed according to
green Spanish-style (lye treated olives), was adopted. Apparently,
with this approach only large populations (>103 CFU/mL) are
detected (Murray et al., 1996; Cocolin et al., 2001). Because of the
previous reverse transcription of the RNA samples to cDNA (RT-
PCR), a vision of the metabolically active bacterial groups was
obtained.
The DGGE analysis of the samples of brines and fruits
obtained during fermentation of Gordal olives revealed a
low bacterial biodiversity. Six different DGGE bands were
obtained including both duplicate fermentation vessels. After
sequencing and Blast search, they were assigned to Lactobacillus
sanfranciscensis, Halolactibacillus halophilus, Vibrio vulnificus,
Lactobacillus parafarraginis, Lactobacillus plantarum group, and
Vibrio sp., in all cases with a high percentage of identity
(>98%) (Table 1). Albeit other two bands were also obtained
from DGGE gels, they could not be unequivocally identified
for any species. One was assigned to an uncultured bacterium
(closest accession number in NCBI: KF325061.1) while the
other was related to Chroococcidiopsis thermalis, an extremophile
photosynthetic cyanobacteria. Because of the small percentage
of identity obtained in this last case (92%), it is very probable
that the universal pairs of primers used (338f and 518R) were
unspecific to bacterial 16S rRNA. Thereby, they could also have
amplified a partial sequence of chloroplast DNA. It is an aspect to
confirm, but the cyanobacteria origin of the chloroplast organelle
in vegetable cells it is well argued (Bonen and Doolittle, 1975).
In the case of Manzanilla fermentations, a low biodiversity was
also noticed, with only 4 different bands detected plus other 2
corresponding to the uncultured bacterium and the presumptive
chloroplast DNA (Table 1). The assigned bands in Manzanilla
fermentations corresponded to L. plantarum group, V. vulnificus,
L. parafarraginis, and Staphylococcus sp., with a percentage of
identity higher than 99% (except for Staphylococcus, which was
96%). The species richness (Figure 5) through the fermentation
process for each type of sample ranged from 2 to 4 in the
best of the cases (obtained for samples of Manzanilla brines
at 0 days). Including in the analysis all samples obtained from
the Gordal and Manzanilla Spanish-style fermentations, a total
number of 7 different bacterial species were found (Table 1). This
biodiversity is low in comparison to those reported in previous
studies, in which the total number of species ranged from to 10
to 17 (Abriouel et al., 2011; Cocolin et al., 2013b; Tofalo et al.,
2014; Lucena-Padrós et al., 2015). Maybe the difference could
be due to the different approach used in this study, which only
allow the identification of the predominant bacteria species with
metabolic activity due to reverse transcription of RNA samples
(RT-PCR).
The role played by L. plantarum and L. pentosus during
table olive fermentations is crucial because of the production
of lactic acid and bacteriocins, which contributes to safeguard
olives from spoilage and pathogen microorganisms (Hurtado
et al., 2012). Both species are genotypically and phenotypically
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FIGURE 5 | Species richness through fermentation process for the different types of samples. GF (Gordal fruits), GS (Gordal brines), MF (Manzanilla fruits),
and MS (Manzanilla brines).
closely related. In fact, the sequencing of the 16S rRNA
fragment cannot discriminate between them and Lactobacillus
paraplantarum (Botta and Cocolin, 2012). The sequence assigned
to the L. plantarum group was obtained practically through
all fermentation process, either in brine or fruits, indicative of
the good adaptation of this microorganism to the fermentation
environment. Furthermore, the ability of L. pentosus and
L. plantarum to dominate olive fermentation and colonize fruit
surface, forming biofilms, has recently been reported (Arroyo-
López et al., 2012b; Domínguez-Manzano et al., 2012; Hurtado
et al., 2012; Cocolin et al., 2013b; Grounta and Panagou, 2014;
Tofalo et al., 2014; Benítez-Cabello et al., 2015).
V. vulnificus was also detected in many samples through the
fermentation process in both Gordal and Manzanilla (brines
and fruits). Previous PCR-DGGE studies have also shown the
presence of Vibrio sp. during olive fermentations (Abriouel et al.,
2011; Lucena-Padrós et al., 2015). Vibrio is a genus of halophilic
Proteobacteria, which includes several species associated with
human gastroenteritis diseases. In recent years, there is a
constant increase worldwide of recognized infections caused
by pathogenic non-cholera vibrios (Igbinosa and Okoh, 2008).
Specifically, V. vulnificus can be isolated from foods or human
specimens and produce human disease (Austin, 2010). Infections
with V. vulnificus are often associated with the eating of raw
oysters and are the leading cause of seafood-related deaths in the
United States (Daniels, 2011). To our knowledge, this is the first
time that specifically V. vulnificus has been reported in table olive
processing. The influence of this microorganism during olive
fermentations is unknown, and further studies should be carried
out on this issue, especially on the safety aspects.
The DGGE analyses also showed the presence of
L. sanfranciscensis and Halolactibacillus halophilus in Gordal
fermentation samples, while Staphylococcus sp. was only found
in Manzanilla fermentations. H. halophilus and Staphylococcus
were exclusively detected at the onset of fermentation, mainly
in brines samples. This fact is indicative that both species
do not have influence in the fermentation process. The only
reference to the presence of H. halophilus in table olives has
been recently reported by Lucena-Padrós et al. (2015), while
Medina-Pradas and Arroyo-López (2015) mention the presence
of Staphylococcus in diverse table olive processing. On the
contrary, L. sanfranciscensis was obtained from the epidermis of
the fruit through all fermentation process in Gordal olives. To
our knowledge, this is the first time that this heterofermentative
LAB, widely used in the sourdough production (De Vuyst
et al., 2014), has been reported in table olive fermentations.
L. parafarraginis was identified from both Gordal and Manzanilla
fermentations mainly from brine samples at the onset of
fermentation. This species was also detected using DGGE
analysis in Spanish-style fermentations by Lucena-Padrós et al.
(2015), and isolated from Spanish-style olive packaging by
Montaño et al. (2013).
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FIGURE 6 | Dendrogram obtained from comparison of RT-PCR-DGGE
profiles by DICE correlation of the olive (F) and brine (S) samples
obtained from Gordal (G) and Manzanilla (M) fermentations. Samples
were obtained from duplicate fermentation vessels of Manzanilla (M1371 and
M1372) and Gordal (G35 and G36) cultivars.
Figure 6 shows the clustering analysis of the RT-PCR-DGGE
profiles obtained with the bacteria universal primers for the
different Gordal and Manzanilla samples. The organization of the
banding patterns in the dendrogram as a result of the UPGMA
method and DICE correlation show a clear trend of grouping
by type of olive fermentations (Gordal or Manzanilla). On the
contrary, the separation was not affected by the influence of
fermentation vessels or type of sample (fruits or brines). A similar
methodology was used by Cocolin et al. (2013b) and Lucena-
Padrós et al. (2015) to group different DGGE bacterial profiles
obtained from olive fermentations as a function of location or
type of olive processing.
Analysis of Bacterial Biodiversity in
Marine Salt
As commented above, samples of solid marine salt used by
industry to prepare fermentation brine were directly plated
on PCA medium after the previous dilution with a sterile
saline solution. The counts obtained for aerobic mesophilic
microorganisms after 24 h of incubation were low (2.79 ± 0.14
log10 UFC/g). Then, different isolates were purified and identified
by sequencing and further Blast analysis of the small-subunit 16
rRNA gene of bacteria. Diverse Bacillus species (B. drentensis,
B. asahii, B. flexus, B. selenatarsetatis, B. alcalophilus, and
TABLE 2 | Microbial isolates obtained from marine salt and subjected to
molecular identification by culture-dependent methods.
Isolate
reference
∗Matching
nucleotides/
identity
∗∗Closest related species
TOMC MS1 855 bp | 99% Bacillus drentensis |gi|828177967|
KP407110.1
TOMC MS2 694 bp | 99% Bacillus asahii |gi|238800438|gb|
FJ973525.1
TOMC MS3 704 bp | 100% Staphylococcus epidermis |gi|955475110|
KT633374.1
TOMC MS4 624 bp | 100% Bacillus flexus |gi|954050805| KT720056.1
TOMC MS5 709 bp | 99% Bacillus selenatarsenatis |gi|309253939|
HQ202857.1
TOMC MS6 794 bp | 97% Bacillus alcalophilus |gi|343965881|
JN540804.1
TOMC MS7 948 bp | 100% Enterococcus faecium |gi|946576338|
KR909902.1
TOMC MS8 934 bp | 99% Bacillus alkalisediminis |gi|194239250|
AM051268.2
∗Sequence identity of the small-subunit the 16S rRNA gene for bacteria with 27F
and 1492R primers. ∗∗Accession number for nucleotide sequences and closest
related species found in the NCBI GenBank database.
FIGURE 7 | Picture obtained with a phase contrast microscope (×4000)
showing the presence of bright oval endospores in isolates previously
identified as Bacillus species.
B. alkalisediminis), as well as the presence of Staphylococcus
epidermis and Enterococcus faecium, were detected in the marine
salt samples with a homology higher than 97% (Table 2). Bacillus
is a genus of Gram-positive bacteria ubiquitous in nature, obligate
aerobes or facultative anaerobes. Under stressful environmental
conditions, the bacteria can produce oval endospores. For this
reason, Bacillus species were also observed with a phase contrast
microscope, always noticing the presence of spores (Figure 7).
For all species found in marine salt, only Staphylococcus sp.
was detected by RT-PCR-DGGE analysis at the onset of the
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fermentation process, which show the high inhibition suffered
by both Bacillus and Enterococcus species during fermentation of
Spanish-style green table olives. The protocol used for isolation of
microorganisms from salt samples have favored the presence of
aerobic mesophilic microorganisms (essentially bacilli), although
other halophilic species could be also retrieved by the use of a
more selective media enriched in salt.
CONCLUSIONS
RT-PCR-DGGE profiles have revealed a low biodiversity of
bacterial species through industrial fermentations of Gordal
and Manzanilla olives processed according to Spanish-style.
L. plantarum group and V. vulnificus were the most relevant
species because of their presence in all samples obtained
from fruits at the end of the fermentation process. On the
contrary, the study of marine salt showed a higher biodiversity
with the presence of eight different species, many of them
belonging to Bacillus genera, albeit these microorganisms were
not detected during the fermentation process. Data show that
these types of studies are necessary to reveal the complex
bacterial biodiversity present during table olive fermentations.
Also, further studies must also be performed to elucidate the role
played by V. vulnificus during table olive processing.
AUTHOR CONTRIBUTIONS
AB-C, JB-G, FA-L, and KR: performed the experiments,
participated in the acquisition, analysis and interpretation of the
data, approved the final version of the paper. LC, AG-F, and RJ-D:
supervised the laboratory work, participated in the analysis and
interpretation of the data, drafted the manuscript, and approved
the final version of the paper.
ACKNOWLEDGMENTS
The research has received funding from the Spanish Government
(Project OliFilm AGL-2013-48300-R: www.olifilm.science.com.
es). AB-C and FA-L wish to express thanks to the Spanish
Government for their pre-doctoral fellowship and postdoctoral
research contract (Ramón y Cajal), respectively.
REFERENCES
Abriouel, H., Benomar, N., Lucas, R., and Gálvez, A. (2011). Culture-independent
study of the diversity of microbial populations in brines during fermentation
of naturally-fermented Aloreña green table olives. Int. J. Food Microbiol. 144,
487–496. doi: 10.1016/j.ijfoodmicro.2010.11.006
Altschul, S. F., Madden, T. L., Schäffer, A. A., Zhang, J., Zhang, Z., Miller, W., et al.
(1997). Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs. Nucleic Acids Res. 25, 3389–3402. doi: 10.1093/nar/25.17.3389
Amann, R., and Kühl, M. (1998). In situ methods for assessment of microorganisms
and their activities. Curr. Opin. Microbiol. 1, 352–358. doi: 10.1016/S1369-
5274(98)80041-6
Ampe, F., ben Omar, N., Moizan, C., Wacher, C., and Guyot, J. P. (1999).
Polyphasic study of the spatial distribution of microorganisms in Mexican
pozol, a fermented maize dough, demonstrates the need for cultivation-
independent methods to investigate traditional fermentations. Appl. Environ.
Microbiol. 65, 5464–5473.
Arroyo-López, F. N., Bautista-Gallego, J., Domínguez-Manzano, J., Romero-
Gil, V., Rodriguez-Gómez, F., García-García, P., et al. (2012a). Formation
of lactic acid bacteria-yeasts communities on the olive surface during
Spanish-style Manzanilla fermentations. Food Microbiol. 32, 295–301. doi:
10.1016/j.fm.2012.07.003
Arroyo-López, F. N., Romero-Gil, V., Bautista-Gallego, J., Rodríguez-Gómez, F.,
Jiménez-Díaz, R., García-García, P., et al. (2012b). Yeasts in table olive
processing: desirable or spoilage microorganisms? Int. J. Food Microbiol. 160,
42–49. doi: 10.1016/j.ijfoodmicro.2012.08.003
Austin, B. (2010). Vibrios as causal agents of zoonoses. Vet. Microbiol. 140,
310–317. doi: 10.1016/j.vetmic.2009.03.015
Barrangou, R., Yoon, S. S., Breidt, F. Jr., Fleming, H. P., and Klaenhammer,
T. R. (2002). Identification and characterization of Leuconostoc fallax strains
isolated from an industrial sauerkraut fermentation. Appl. Environ. Microbiol.
68, 2877–2884. doi: 10.1128/AEM.68.11.5452-5458.2002
Benítez-Cabello, A., Romero-Gil, V., Rodríguez-Gómez, F., Garrido-
Fernández, A., Jiménez-Díaz, R., and Arroyo-López, F. N. (2015). Evaluation
and identification of poly-microbial biofilms on natural green Gordal
table olives. Antonie Van Leeuwenhoek 108, 597–610. doi: 10.1007/s10482-
015-0515-2
Bonen, L., and Doolittle, W. F. (1975). On the prokaryotic nature of red algal
chloroplasts. Proc. Natl. Acad. Sci. U.S.A. 72, 2310–2314. doi: 10.1073/pnas.72.
6.2310
Botta, C., and Cocolin, L. (2012). Microbial dynamics and biodiversity in table
olive fermentation: culture-dependent and -independent approaches. Front.
Microbiol. 3:245. doi: 10.3389/fmicb.2012.00245
Cenciarini-Borde, C., Courtois, S., and La Scola, B. (2009). Nucleic acids as viability
markers for bacteria detection using molecular tools. Future Microbiol. 4, 45–64.
doi: 10.2217/17460913.4.1.45
Cocolin, L., Alessandria, V., Botta, C., Gorra, R., De Filippis, F., Ercolini, D.,
et al. (2013a). NaOH-debittering induces changes in bacterial ecology during
table olives fermentation. PLoS ONE 8:e69074. doi: 10.1371/journal.pone.
0069074
Cocolin, L., Alessandria, V., Dolci, P., Gorra, R., and Rantsiou, K. (2013b).
Culture independent methods to assess the diversity and dynamics of
microbiota during food fermentation. Int. J. Food Microbiol. 167, 29–43. doi:
10.1016/j.ijfoodmicro.2013.05.008
Cocolin, L., Manzano, M., Cantoni, C., and Comi, G. (2001). Denaturing gradient
gel electrophoresis analysis of the 16S rRNA gene V1 region to monitor dynamic
changes in the bacterial population during fermentation of Italian sausages.
Appl. Environ. Microbiol. 67, 5113–5121. doi: 10.1128/AEM.67.11.5113-
5121.2001
Daniels, N. A. (2011). Vibrio vulnificus oysters: pearls and perils. Clin. Infect. Dis.
52, 788–792. doi: 10.1093/cid/ciq251
De Angelis, M., Campanella, D., Cosmai, L., Summo, C., Rizzello, C. G., and
Caponio, F. (2015). Microbiota and metabolome of un-started and started
greek-type fermentation of Bella di Cerignola table olives. Food Microbiol. 52,
18–30. doi: 10.1016/j.fm.2015.06.002
De Vuyst, L., Van Kerrebroeck, S., Harth, H., Huys, G., Daniel, H., and Weckx, S.
(2014). Microbial ecology of sourdough fermentations: diverse or uniform?
Food Microbiol. 37, 11–29. doi: 10.1016/j.fm.2013.06.002
Dolci, P., Alessandria, V., Rantsiou, K., Rolle, L., Zeppa, G., and Cocolin, L. (2008).
Microbial dynamics of Castelmagno PDO, a traditional Italian cheese, with a
focus on lactic acid bacteria ecology. Int. J. Food Microbiol. 122, 302–311. doi:
10.1016/j.ijfoodmicro.2007.12.018
Domínguez-Manzano, J., Olmo-Ruiz, C., Bautista-Gallego, J., Arroyo-López, F. N.,
Garrido-Fernández, A., and Jiménez-Díaz, R. (2012). Biofilm formation on
abiotic and biotic surfaces during Spanish style green table olive fermentation.
Int. J. Food Microbiol. 157, 230–238. doi: 10.1016/j.ijfoodmicro.2012.05.011
Garrido Fernández, A., Fernandez-Diez, M., and Adams, M. R. (1997). Table Olives:
Production and Processing. New York, NY: Springer.
Grounta, A., and Panagou, E. Z. (2014). Mono and dual species biofilm formation
between Lactobacillus pentosus and Pichia membranifaciens on the surface
Frontiers in Microbiology | www.frontiersin.org 10 August 2016 | Volume 7 | Article 1291
fmicb-07-01291 August 12, 2016 Time: 15:24 # 11
Benítez-Cabello Bacterial Biodiversity in Olive Fermentation
of black olives under different sterile brine conditions. Ann. Microbiol. 64,
1757–1767. doi: 10.1007/s13213-014-0820-4
Hugenholtz, P., Goebel, B. M., and Pace, N. R. (1998). Impact of culture-
independent studies on the emerging phylogenetic view of bacterial diversity.
J. Bacteriol. 180, 4765–4774.
Hurtado, A., Reguant, C., Bordons, A., and Rozès, N. (2012). Lactic acid
bacteria from fermented table olives. Food Microbiol. 31, 1–8. doi:
10.1016/j.fm.2012.01.006
Igbinosa, E. O., and Okoh, A. I. (2008). Emerging vibrio species: an unending
threat to public health in developing countries. Res. Microbiol. 159, 495–506.
doi: 10.1016/j.resmic.2008.07.001
International Olive Oil Council [IOC] (2004). Trade Standard Applying to Table
Olives. COI/OT/NC n◦ 1. Madrid: International Olive Oil Council.
Keer, J., and Birch, L. (2003). Molecular methods for the assessment of
bacterial viability. J. Microbiol. Methods. 53, 175–183. doi: 10.1016/S0167-
7012(03)00025-3
Kroupitski, Y., Golberg, D., Belausov, E., Pinto, R., Swartzberg, D., Granot, D.,
et al. (2009). Internalization of Salmonella enterica in leaves is induced by light
and involves chemotaxis and penetration through open stomata. Appl. Environ.
Microbiol. 75, 6076–6086. doi: 10.1128/AEM.01084-09
Lucena-Padrós, H., Caballero-Guerrero, B., Maldonado-Barragán, A., and
Ruiz-Barba, J. L. (2014). Microbial diversity and dynamics of Spanish-
style green table-olive fermentations in large manufacturing companies
through culture-dependent techniques. Food Microbiol. 42, 154–165. doi:
10.1016/j.fm.2014.03.020
Lucena-Padrós, H., Jiménez, E., Maldonado-Barragán, A., Rodríguez, J. M., and
Ruiz-Barba, J. L. (2015). PCR-DGGE assessment of the bacterial diversity in
Spanish-style green table-olive fermentations. Int. J. Food Microbiol. 205, 47–53.
doi: 10.1016/j.ijfoodmicro.2015.03.033
Medina-Pradas, E., and Arroyo-López, F. N. (2015). Presence of toxic
microbial metabolites in table olives. Front. Microbiol. 6:873. doi:
10.3389/fmicb.2015.00873
Montaño, A., Sánchez, A. H., Casado, F. J., Beato, V. M., and de Castro, A. (2013).
Degradation of ascorbic acid and potassium sorbate by different Lactobacillus
species isolated from packed green olives. Food Microbiol. 34, 7–11. doi:
10.1016/j.fm.2012.11.006
Muccilli, S., Caggia, C., Randazzo, C. L., and Restuccia, C. (2011). Yeast dynamics
during the fermentation of brined green olives treated in the field with kaolin
and bordeaux mixture to control the olive fruit fly. Int. J. Food Microbiol. 148,
15–22. doi: 10.1016/j.ijfoodmicro.2011.04.019
Murray, A. E., Hollibaugh, J. T., and Orrego, C. (1996). Phylogenetic compositions
of bacterioplankton from two California estuaries compared by denaturing
gradient gel electrophoresis of 16S rDNA fragments. Appl. Environ. Microbiol.
62, 2676–2680.
Nychas, G.-E., Panagou, E. Z., Parker, M. L., Waldron, K. W., and Tassou,
C. C. (2002). Microbial colonization of naturally black olives during
fermentation and associated biochemical activities in the cover brine.
Lett. Appl. Microbiol. 34, 173–177. doi: 10.1046/j.1472-765x.2002.
01077.x
Perricone, M., Bevilacqua, A., Corbo, M. R., and Sinigaglia, M. (2010). Use
of Lactobacillus plantarum and glucose to control the fermentation of
“Bella di Cerignola” table olives, a traditional variety of Apulian region
(southern Italy). J. Food Sci. 75, M430–M436. doi: 10.1111/j.1750-3841.2010.
01742.x
Randazzo, C. L., Ribbera, A., Pitino, I., Romeo, F. V., and Caggia, C. (2012).
Diversity of bacterial population of table olives assessed by PCR-DGGE analysis.
Food Microbiol. 32, 87–96. doi: 10.1016/j.fm.2012.04.013
Rantsiou, K., Urso, R., Dolci, P., Comi, G., and Cocolin, L. (2008). Microflora of
Feta cheese from four Greek manufacturers. Int. J. Food Microbiol. 126, 36–42.
doi: 10.1016/j.ijfoodmicro.2008.04.031
Santarelli, M., Gatti, M., Lazzi, C., Bernini, V., Zapparoli, G., and Neviani, E.
(2008). Whey starter for Grana Padano cheese: effect of technological
parameters on viability and composition of the microbial community. J. Dairy
Sci. 91, 883–891. doi: 10.3168/jds.2007-0296
Tofalo, R., Perpetuini, G., Schirone, M., Ciarrocchi, A., Fasoli, G., Suzzi, G.,
et al. (2014). Lactobacillus pentosus dominates spontaneous fermentation of
Italian table olives. LWT – Food Sci. Technol. 57, 710–717. doi: 10.1016/j.lwt.
2014.01.035
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Benítez-Cabello, Bautista-Gallego, Garrido-Fernández, Rantsiou,
Cocolin, Jiménez-Díaz and Arroyo-López. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Microbiology | www.frontiersin.org 11 August 2016 | Volume 7 | Article 1291
